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Double spin asymmetries in the diffractive QQ and J/9 leptoproduction are discussed. 
It is shown that the asymmetries for longitudinally polarized lepton and longitudinally or 
transversely polarized proton can be used to study spin dependent gluon distribution of 
the proton at small x. 



In this report, we study diffractive processes at high energies which are predom- 
inated by the Pomeron exchange. The Pomeron is a color singlet object which can 
be associated with the two-gluon state jjj. The cross section of inclusive hadron 
production is expressed in terms of ordinary parton distributions where partons 
have the same momenta. The diffractive reactions, which should give significant 
contribution to inclusive processes at small Bjorken x < 0.1, have a different na- 
ture. Really, in the diffractive hadron leptoproduction, like vector meson and QQ 
production, the nonzero momentum xp carried by the two-gluon system (Pomeron) 
appears and the gluon momenta cannot be equal. As a result, these processes can 
be expressed in terms of skewed parton distribution (SPD) in the nucleon J-q{x) 
where x is a fraction of the proton momentum carried by the outgoing gluon and £ 
is the difference between the gluon momenta (skewedness) . Investigation of the 
diffractive reactions should play a key role in future study T x (x) at small x. For the 
processes which involve the light quark production both quark and gluon SPD will 
contribute especially for not small x. We shall discuss here the diffractive charm 
quark production and J/\I / production where the qq exchange in the t -channel 
is not important because the charm quark content in the proton is rather small. 
In these reactions the predominated contribution is determined by the two-gluon 
exchange (gluon SPD). Analysis of such diffractive reactions should throw light on 
the gluon structure of the proton at small x || || . 

To study spin effects in diffractive hadron production, one must know the struc- 
ture of the two-gluon coupling with the proton at small x. In the leading Log ap- 
proximation, the ladder gluon graphs give predominating contribution. In a QCD- 
inspired diquark model of the proton || , such graphs have been analyzed in Q . The 
model generates the spin-dependent ggp coupling at moderate momentum transfer. 
Using the results of || , the following form of the coupling has been found 
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1 Introduction 




= h°P a ' + l a 'p a )B(t, x P ,l±) + 4 P a p a 'A(t, x P , l ± ) 
+ e at35p p &lplb D{t,x P ,l 1 _). 



(1) 
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Here the functions A — D have dependence on the transverse part of the gluon 
momentum l±. 

The structure (j a p a + 7° p a )B(t) in (|l|) is a coupling which determines the 
spin-non-flip contribution. The term p a p a i A[r) leads to the transverse spin-flip in 
the vertex which does not vanish in the s — > 00 limit. The first two terms of the 
vertex (^) are symmetric over the a, a' indices. They are equivalent to the isoscalar 
electromagnetic nucleon current with the Dirac and Pauli nucleon form factors j^j . 
In the model ||, the form (|l|) was found to be valid for the momentum transfer 
\t\ < few GeV and the Ait) amplitude was caused by the meson-cloud effects 
in the nucleon. Within this model, a quantitative description of meson-nucleon 
and nucleon-nucleon polarized scattering at high energies has been obtained @]. 
The model predictions for polarization for the PP2PP experiment at RHIC was 
made in |)J. The expected errors are quite small and the information about the 
spin-flip part of the coupling ([!]) can be obtained experimentally. In a QCD-based 
diquark model the A(t) contribution is determined by the effects of vector diquarks 
inside the proton ||, which are of an order of a s . Diquarks provide an effective 
description of nonperturbative effects in the proton. The single spin transverse 
asymmetry predicted in the models |[ ^ is about 10% for \t\ ~ 3GeV 2 which 
is of the same order of magnitude as has been observed experimentally [ ft0| . These 
model approaches are consistent with experiment and give the ratio 



<0.1GeV-\ (2) 
\B(t,xp)\ 

The asymmetric structure in (|l]) is proportional to Z?7 P 75 and can be associated 
with AG. It should give a visible contribution to the double spin longitudinal asym- 
metry An [0- Unfortunately, it does not appear for elastic scattering (xp = 0) 
and the value of this structure is not well known from our model estimations. 

In this report, we shall analyze spin effects caused by the structures A and B. 
It will be shown that such effects will be small in the An asymmetry. This means 
that, most likely, they do not provide additional problems with extracting the 
AG oc i?7 P 75 term from the An asymmetry in the hadron leptoproduction at small 
x. It will be shown that the double spin asymmetry for longitudinally polarized 
lepton and transversely polarized proton is mainly determined by the A term in 
(0). This asymmetry should be used to study this structure in the ggp coupling. 

2 Vector meson production and skewed parton distribution 

Let us study the diffractive J/^f production at high energies s = (p + l e ) 2 and 
fixed momentum transfer t = rp = —A 2 = (p — p 1 ) 2 . Here l e and p are the initial 
momenta of the lepton and proton, p' is the final proton momentum and rp is a 
momentum carried by the Pomeron (A is its transverse part). The vector meson 
production amplitude is described in addition to s and t by the variables 

Q = -q , y = — r : x P = , (3 

p ■ l e q-p 
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where Q 2 is the photon virtuality. The variables y and xp determine the fractions 
of the longitudinal momenta of the lepton and proton carried by the photon and 
Pomeron, respectively. From the mass-shell equation for the vector-meson momen- 
tum V 2 = (q- 



rp) 2 = M 2 we find that in this reaction 



xp 



Q 2 + \t\ 



(4) 



and it is small at high energies. 

A simple model is considered for the amplitude of the 7* — > J/*f? transition. The 
virtual photon is going to the qq state and the qq — > V amplitude is described by a 
non-relativistic wave function |3|, In this approximation, quarks have the same 
momenta k equal to half of the vector meson momentum and mass m c — mj/2. 
Gluons from the Pomeron are coupled with the single and different quarks in the 
cc loop. This ensures the gauge invariance of the final result. 

The spin-average and spin dependent cross sections of the J/^S leptoproduction 
with parallel and antiparallel longitudinal polarization of a lepton and a proton are 
determined by the relation 



da{±) = ~ (da(- 



d±da(Z))- 



The cross section da(±) can be written in the form 

da* l^l 2 



dQ 2 dydt 32(2n) 3 Q 2 s 2 y 



(5) 



(6) 



For the spin-average amplitude square we find 14 



|T+| 2 — s 2 N ((2 - 2y + y 2 )m 2 + 2(1 - y)Q 2 ) [\B + 2mi| 2 + |i| 2 |i|J . (7) 

Here the term proportional to (2 — 2y + y 2 )m 2 represents the contribution of the 
virtual photon with transverse polarization. The 2(1 — y)Q 2 term describes the 
effect of longitudinal photons. The N factor in (Q) is normalization, and the A and 
B functions are expressed through the integral over transverse momentum of the 
gluon. The function B is determined by 



B 



1 

Wj (i 2 ± 

l r l l<Q 2 



d 2 l x (li+l x A)B(ll,x P ,...) 



\ 2 )((l ± + A) 2 

d 2 l±(l 2 ± + lj_K 



\ 2 )[ll 



(l 2 ± + A 2 )((U + A) 2 + A 2 ) 



UAH 
BQl 



Q 2 } 

Xp, ...). 



(8) 



with Q 2 = (m 2 +Q 2 + |t|)/4. The term (l\ + l±A) appears in the numerator of (§) 
because of the cancellation between the graphs where gluons are coupled with the 
single and different quarks. The A function is determined by the similar integral. 
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The integral 



is found to be connected with the gluon SPD 
'^«2 2 d 2 l ± (ll + l ± A) 



(Zi + A 2 )((Z ± + A) 2 + A 2 ) 



B(l±,x P , 



(9) 



We find that B(l\, xp, ...) is the unintegrated spin- average gluon distribution. The 
A function can be determined in terms of the 1Q*. {xp, t) distribution. Determina- 
tion of the gluon distribution functions can be found in jT^ , e.g. 
The spin-dependent amplitude square looks like 



T-\ 2 = s\t\{2~y)N \B\ 2 + m(A*B + AB*) 



(10) 




Fig. 1. The An asymmetry of the J/\£ r production at HERMES: solid line -for q/h p = 0; 
dot-dashed line -for a.fu v = —0.1; dashed line -for otfu p = 0.1 

The An asymmetry for not high Q 2 is determined by 



At 



*(-) 


\t\ ( 2 - 


y) 


\B(t)\ 2 + m(A(t)*B(t) + 


A(t)B(t)*) 


<+) 


» (2- 


-2y 


+ y 2 ) 


\B(t) +2mA(t)\ 2 


+ \t\\A(t)\ 2 



(11) 



It has been shown in |16|] that the An asymmetry in the diffractive processes is 
proportional to xp. For the diffractive vector meson production xp ~ 1/s see (^). 
As a result, the obtained An asymmetry decreases with growing energy. 
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The An asymmetry also depends on the ratio of the spin-flip to the non-flip 
parts of the coupling ([!]) a/Hp = A(t)/B(t) which has been found in (|^) to be 
about 0.1. The predicted asymmetry at HERMES energies is shown in Fig. 1. The 
contribution of the spin-dependent A term in (Q) to the double spin An asymmetry 
of the J/\P production does not exceed two per cent for the momentum transfer 
\t\ < lGeV 2 . Sensitivity of the asymmetry to a is rather weak. At HERA energies, 
the asymmetry will be negligible. 

3 Spin effects in QQ production 

Now we are interested in the diffractive QQ leptoproduction. This reaction 
might be determined in terms of variables (^). However, the mass of the produced 
hadron system is not fixed here and an additional variable (3 — x/xp appears. In 
the two-gluon picture of the Pomeron we consider the graphs of Fig. 2. The cross 




Fig. 2. Two-gluon contribution to QQ production 

section is determined by the square of the graphs shown in Fig. 2, and includes, 
together with the planar, the nonplanar contribution with the crossed quark lines. 
The spin-average and spin-dependent cross section can be written in the form 

d 5 a(±) _ ((2-2yW)\ C(x P ,Q 2 )N(±) 



dQHydxpdtdki V V-v) ) ^l - AklP/Q 

Here C(xp,Q 2 ) is a normalization function which is common for the spin average 
and spin dependent cross section. The planar contribution to N + (sum of diagrams 
with non-crossed quark lines) looks like 



(m 2 c + (fcj_ + r ± ) 2 ) (\B + 2mA\ 2 + |i| 2 |t|) (13) 



with 



B 



J_ r d 2 l^(ll+l ± A~l ± k^)B(ll,xp,...) 
Q\ J [l\ + A 2 )((f ± + A) 2 + A 2 )[(f ± - k ± ) 2 + ml] 
1 [ l ±<Q*i dH ± (ll + l ± A) , 

B{l ± ,Xp, 



QtJo Gi + A 2 )((? ± + A) 2 + A 2 ) 
1 

Qt 



—^I p {xpXQ\) (14) 
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where Q\ 



k\ 



and k is a quark momentum. 



The calculation shows considerable cancellation between the contributions where 
gluons are coupled with the single and different quarks (Fig. 2). As a result, the 
numerator of the integral for the function B ( |14| ) is vanishing when the gluon 
momentum l± is going to zero as in the vector meson production. Corresponding 
integrals for A have a similar form. We see that the cross section of the diffractive 
QQ production is expressed through the same skewed gluon distributions as the 
vector meson production but at a different scale. 
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Fig. 3. The predicted Q dependence of the An asymmetry for the cc production at 
COMPASS for a = O.lGeV -1 , x P =Q.l, y=0.5 



Similar calculations have been made for the spin-dependent part of the cross 
section <j(—). We shall discuss here the An = cr(— )/<r(+) asymmetry at COMPASS 
15 1 . The obtained asymmetry is proportional to xp (here xp is typically of about 
.05 — .1) and has a weak energy dependence, Fig. 3. The predicted asymmetry is 
quite small and does not exceed 1%. It has a week dependence on the a = A/B 
ratio. The Q 2 dependence of the An asymmetry of the diffractive open charm 
production can be estimated as A u oc Q 2 /(Q 2 + Qq) with Q\ ~ lGeV 2 . 

We know from the study of elastic scattering that the A structure in (Q) is 
mainly responsible for the transverse asymmetry. Not small single-spin asymmetry 
in QQ production caused by the A term has been predicted in This term 
should contribute to the Ait asymmetry with longitudinal lepton and transverse 
proton polarization. The calculation of this asymmetry is similar to the analysis of 
Au which was made before. It has been found that the Ait asymmetry is not small 
and proportional to the a — A/B ratio. Also the Ait asymmetry is proportional 
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Fig. 4. The predicted Q 2 dependence of the Ait asymmetry for the cc production at 
COMPASS for a = O.lGeV -1 , xp=Q.l, y=0.5 



to the scalar production of the proton spin vector and the jet momentum Ait oc 
(sj_ • fcjj oc cos(0j e t). Thus, the asymmetry integrated over the azimuthal jet angle 
4>j e t is zero. We have calculated the Ait asymmetry for the case when the proton 
spin vector is perpendicular to the lepton scattering plane and the jet momentum 
is parallel to this spin vector. The predicted asymmetry is show in Fig. 4. It is huge 
and has a drastic k\ dependence. The large value of the Ayr asymmetry is caused 
by the fact that in contrast to An, it is not proportional to small xp. 



4 Conclusion 



In this report the double spin asymmetries in the diffractive hadron leptopro- 
duction have been investigated using the two-gluon picture of the Pomeron. We 
have considered all the graphs where the gluons from the Pomeron couple to a 
different quark in the loop and to the single one. This provides a gauge-invariant 
scattering amplitude. Our calculations show that the spin-dependent structure A 
in (|l|) does not provide a considerable contribution to the An asymmetry. The pre- 
dicted An asymmetry is smaller than 1-2%. Not small effects in the double spin 
An asymmetry should be determined by the AG oc Z?7 P 75 term of the vertex ([!]). 
This contribution was not investigated here but can be important for Compass 
experiment at small x < 0.1. However, the results obtained here show that the 
diffractive asymmetry in the QQ production vanishes as Q 2 — > 0. We hope that 
this conclusion is true for the AG term, too. If so, such effects, most likely, do not 
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provide additional troubles in extracting AG from the Au asymmetry. The reason 
is that the COMPASS experiment is planing to study events of the charm quark 
production at small Q 2 where the diffractive asymmetry is expected be extremely 
small. 

It is shown here that the Ait asymmetry of the diffractive heavy quark produc- 
tion is determined by the A structure in ([!]). This asymmetry is predicted to be 
not small, about 10-20%. It can give direct information about the spin-dependent 
structure A in the ggp coupling. Note that it is usually difficult to detect an out- 
going proton in fixed target experiments. Then, the cross section integrated over 
the momentum transfer t are measured. Our analyses show that such an integrated 
asymmetry is smaller by a factor of 1.5-2 than the unintegrated values shown in 
Figs 3, 4. 

This report was supported in part by the Blokhintsev-Votruba program and 
the Russian Fond of Fundamental Research, Grant 00-02-16696. 
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